SUMMARY Amiodarone, a powerful antiarrhythmic agent recently made available in Britain, is known to cause corneal changes, but the clinical implications of this unwanted effect are still controversial. We have made serial observations on 105 patients treated with the drug for periods ranging from 3 months to over 7 years. Comeal abnormalities were detected by slit-lamp examination in 103 patients (98%). These always progressed over several months but subsequently showed a stable pattern which changed only with alteration of dose. The abnormalities regressed and disappeared within 7 months in the 16 patients whose treatment was discontinued for reasons unconnected with ocular changes. No macular changes or permanent sequelae occurred. Ocular symptoms were unusual: 6 patients had reactions in the skin of the eyelids, and 6 others had minor symptoms related to the corneal changes. We do not believe that ophthalmological surveillance is mandatory in asymptomatic patients on long-term amiodarone therapy.
Amiodarone is a potent antiarrhythmic agent which has been used widely in Europe since 1967.' It has only recently been licensed in Britain for limited indications. Though acute toxicity does not readily occur during oral administration, the drug does have some unwanted effects during long-term administration. Among these the tendency to cause corneal deposits has aroused most concern. Ocular change resulting from amiodarone was first noted by Joseph and Rousselie in 1967.2 Some authors believe that all patients on maintenance treatment will show changes in due course.3 The estimates, however, of the percentage of patients showing corneal deposits have varied widely.4" We now report the ophthalmic observations made during a systematic follow-up of 105 patients treated with amiodarone for periods ranging from 3 months to over 7 years.
Patients and methods
The patients were treated with oral amiodarone in one cardiac clinic, though in a few instances the drug therapy had been initiated elsewhere. Their ages when first examined ranged from 23 to 89 years (median 63 years). Most patients were seen first within 3 months of starting treatment. We arranged follow-up examinations at intervals not greater than 6 months both for those who remained on treatment and for patients whose therapy had been discontinued. The median duration of treatment was 1 year 11 months (range 7 years 3 months to 3 months). Seventy-four patients were followed up for at least a year after starting the drug.
At each visit patients were asked to volunteer any complaints referrable to their eyes, but direct questions on specific symptoms were avoided. Visual acuity was assessed by means of a conventional Snellen's chart, slit-lamp biomicroscopy was performed, and routine fundal examination was carried out. When relevant, detailed tests were made of tear secretion by Schirmer's method and of intraocular pressure by Goldmann's applanation tonometry. Colour vision was assessed in 14 patients by the Ishihara isochromatic plates.
Results
The symptoms reported by patients are listed in Table  1 . Only haloes and photophobia were thought to be due to drug-induced ocular changes. Lid irritation Slit-lamp examination showed corneal abnormalities in 103 of 105 patients (98%). The earliest changes comprised faint grey granular lines radiating from a median point at the junction of the middle and lower thirds of the cornea (Fig. 2) . These resemble Hudson-Stahli lines. As the changes developed, the number and density of the lines increased. The most advanced abnormality had numerous curved dense lines forming whorled patterns, with uniform granular opacities involving the whole corneal epithelium (Fig. 3) . Within a few months a stable pattern was established, which changed only with 7 1 Fig. 3 Corneal abnormalities: advanced changes. group.bmj.com on June 21, 2017 -Published by http://bjo.bmj.com/ Downloaded from alteration of dose. Deposits became denser if dosage was increased and regressed if dosage was reduced. The dose of amiodarone was reduced in 2 patients in whom these changes were especially marked.
Watillon et al.6 divided the changes into 3 stages according to their distribution, but the gradual progression renders precise classification difficult and of little practical value; grading was therefore not attempted in this series. The patterns were similar in the 2 eyes in the absence of other corneal pathology. Two patients with contact lenses developed characteristic abnormalities. Three patients had evidence of diminished tear secretion but no relationship to drug therapy was established. No rise in intraocular pressure was observed during treatment, and no changes were found in tests of colour vision.
The drug was withdrawn in 16 patients for reasons unconnected with the corneal deposits. The pattern always cleared over a period of 3 to 7 months, and no permanent corneal changes were observed which could have been attributable to the drug.
Discussion
At present amiodarone is generally available only for patients with disorders of heart rhythm associated with Wolff-Parkinson-White syndrome and for those with serious arrhythmias refractory to other conventional agents. Already, however, more than 5000 patients in Britain are on long-term oral therapy with amiodarone, and the number is likely to increase as the potency of its antiarrhythmic action becomes more widely appreciated. Unwanted effects are therefore a matter of wide concern. That the drug induces corneal changes is well known, but the cause remains speculative and-except possibly in France-little information is available on the longterm implications of the phenomenon. Following the initially unexpected problems with chloroquine7 and practolol,8 drugs with ocular side effects tend to be regarded with suspicion. Indeed constraints have sometimes been placed on the use of amiodarone because of the effects on the eye, but our experience suggests that this caution may be unwarranted.
In the present series corneal changes were found in almost every patient treated with amiodarone for more than 3 months. Only 2 patients in our series were without them. One of these is known to have blood levels of amiodarone within the therapeutic range. Biomicroscopy is therefore of only limited value as a test of noncompliance.
The changes are nearly always invisible to the naked eye and require slit-lamp for ready identification. The resemblance of the early appearances to Hudson-Stahli lines may cause confusion even to experienced ophthalmologists, but once recognised assessment requires only the briefest examination.
The corneal appearances are usually thought to result from deposits of the drug or a metabolite3 in the deeper layers of the epithelium. The explanation seems plausible because amiodarone contains iodine, which tends to be concentrated in the lacrimal glands and secreted in the tears. Other drugs such as chloroquine,' hydroxychloroquine,9 mepacrine,' and phenothiazines, " which are also deposited in or affect the cornea, produce similar whorled patterns; these may result from an effect at the limbus on the centripetally migrating epithelial cells.'2 Electron microscopy of the corneal epithelium in amiodarone keratopathy has shown complex lipid deposits within lysosome-like intracytoplasmic inclusions. These may result from interactions of the drug or its metabolites with host material. 13 The changes regress if amiodarone is discontinued. In our series clearing was always complete within 7 months. This is reassuring for those supervising treatment with amiodarone and for patients themselves. The lack of sequelae and the reversibility of the changes imply that routine ophthalmological supervision is unnecessary for patients who are free of ocular symptoms. The reduction in dosage on ophthalmological grounds in 2 patients of the present series was in retrospect probably unnecessary.
Only 12 of our 105 patients complained of symptoms which we judged to be related to drug therapy. The most common was lid irritation, and this was probably due to the photosensitivity of the skin'4 rather than to any complications in the eye itself. Photophobia and halo formation might have been more common if larger doses of the drug had been used. These symptoms can be especially troublesome at night when patients look towards localised areas of relative brightness such as street lamps and headlights. Visual acuity, judged by the Snellen charts, seems not to be affected by the corneal changes; moreover there is no evidence of any effect on macular function. Though amiodarone does have other unwanted effects which may be important,'5 the ocular changes are rarely troublesome enough to influence management.
